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REVIEW OF ACOUSTO-ULTRASONIC NDE FOR COMPOSITES 


Alex Vary and Harold Kautz 
NASA Lewis Research Center 
Cleveland, Ohio 44135 


Acousto-ultrasonics utilizes simulated stress waves to detect and 
quantify defect states, damage conditions, and variations of 
mechanical properties in fiber reinforced composites. The term 
"acousto-ultrasonics" denotes a combination of aspects of acoustic 
emission methodology with ultrasonic materials characterization. 

The acousto-ultrasonic approach was developed to deal primarily with 
evaluation of the integrated effect of minor flaws and diffuse flaw 
populations of subcritical flaws in composite and bonded structures. 
These factors singly and collectively also influence acousto-ultra- 
sonic measurements that, in turn, correlate with dynamic response 
and mechanical property variations. Since it was first introduced, 
the acousto-ultrasonic approach has been successfully applied to a 
variety of materials, including polymeric, metallic, and ceramic 
matrix composites; adhesively bonded materials; paper and wood 
products; cable and rope; and also human bone. Examples of applica- 
tions and limitations of the approach are reviewed. Basic methods 
and guidelines are discussed. The underlying hypothesis and theory 
development needs are indicated. 
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CHALLENGES 
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QUANTITATIVE SIGNAL PROCESSING 
FOR ACOUSTO-ULTRASONICS 
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WORKING HYPOTHESES 
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REPRESENTATIVE ECHO SYSTEMS FOR BASIC 
ACOUSTO-ULTRASONIC CONFIGURATION 
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DIRECT ECHOES SEEN BY OBLIQUE ECHOES SEEN BY 
SENDING TRANSDUCER RECEIVING TRANSDUCER 



ACOUSTO-ULTRASONIC WAVEFORMS FROM 
ALUMINUM PLATES WITH TWO DIFFERENT THICKNESS 





TIME, nsec 


VARIATION OF ACOUSTO-ULTRASONIC 
IGNAL RELATIVE TO FIBER DIRECTION 
UNDIRECTIONAL COMPOSITE LAMINATE 
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RECEIVED SIGNAL 






QUANTITATIVE SIGNAL PROCESSING FOR 
STRESS WAVE FACTOR (SWF) USING 
ACOUSTIC EMMISSION METHODOLOGY 
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PULSE RATE, R = RESET TIME, C = RINGDOWN COUNT 


QUANTITATIVE SIGNAL PROCESSING FOR 
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CORRELATION OF STRESS WAVE FACTOR WITH 
FAILURE SITES IN GRAPHITE/EPOXY 
TENSILE SPECIMENS 



LU 


0 

< 


HI 

> 


CO 

CO 


GC 

O 

I- 


LU O 
GC < 
FIL 
CO 


LL 

O 


LU 

> 

< 

£ 


LU 

GC 




I 


I 


| 


I 

l 


I 


i 

* 


f 

i 



STRESS WAVE FACTOR (SWF) VERSUS THROUGH- 
TRANSMISSION ULTRASONIC ATTENUATION AT 
IMPACT SITE OF 10-PLY UNDIRECTIONAL GRAPHITE/ 
EPOXY COMPOSITE LAMINATE SPECIMENS 
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ATTENUATION AT 2.0 MHz 
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ULTIMATE TENSILE STRENGTH, <7 U t. GPa 


CORRELATION OF INTERLAMINAR SHEAR 
STRENGTH WITH THE ACOUSTO-ULTRASONIC 
ESTIMATOR FOR GRAPHITE/POLYIMIDE 
FIBER COMPOSITE LAMINATE 
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ACOUSTO-ULTRASONIC ESTIMATOR, a) MPa 
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